How to cite this paper: Mitashi, P., et al. (2015) controls and used to determine the accuracy of four microscopy methods: bright field microscopy of Giemsa-stained thick blood smears, FM of AO-stained thick blood smears, FM of AO-stained thick blood smears prepared after RBC lysis and concentration, and FM of AO-stained thin blood smears prepared after RBC lysis and concentration. The sensitivity of FM using thick blood smears stained with AO was 3 times higher than bright field microscopy using Giemsa-stained thick blood smears 
Introduction
Human African trypanosomiasis (HAT), or sleeping sickness, is a vector-borne disease caused by the protozoan parasites Trypanosoma brucei (T.b.) gambiense and T.b. rhodesiense. It mainly affects impoverished rural communities in sub-Saharan Africa, where health systems are weak. Both subspecies are cyclically transmitted by infected tsetse flies of the Glossina genus [1] . The chronic form of sleeping sickness is caused by T.b. gambiense in western and central Africa and is responsible for the majority of HAT cases, while T.b. rhodesiense causes a more fulminant, acute form in eastern and southern Africa. In recent years, the number of new cases of HAT reported to WHO has decreased dramatically from 25,945 in 2000 to less than 10,000 in 2009 [2] . This trend was maintained in 2012 with 7197 new cases reported [3] . However, the actual number of patients with sleeping sickness is estimated to be much higher, as many cases remain undiagnosed or unreported [4] .
Sleeping sickness is almost invariably fatal if left untreated and progressed in two stages [5] . The haemolymphatic stage (first stage) is characterized by fever, headache and joint pains. In the second stage, or neurological stage, parasites cross the blood-brain barrier and invade the central nervous system (CNS) [6] . In the absence of treatment, patients develop neuropsychiatric symptoms, such as mental disturbances, neurological disorders, disruption of the sleep-wake cycle, coma and death [7] - [9] . Treatment of stage 2 patients is more difficult and although curative therapy is available, some patients are left with permanent sequellae. Detection of infected individuals in the first stage is therefore critical, and highlights the need for sensitive and specific diagnostic tools.
While the prevalence of T.b. gambiense HAT has been declining, interruption of control efforts will inevitably result in resurgence [10] . When the incidence of HAT is low, active screening is uneconomical, and national control programmes are encouraged to integrate control and surveillance activities in the general healthcare system [11] . However, some of the diagnostic tests for HAT that are currently available are not compatible with the poor infrastructure that is found in primary healthcare facilities, especially in rural areas, hindering the participation of such facilities in effective control and surveillance of the disease [12] . The concentration of T.b. gambiense parasites in blood is usually very low, which makes direct microscopy notoriously insensitive. Microscopy has to therefore be combined with prior parasite concentration methods, such as the Woo or capillary tube centrifugation (CTC) technique and the minicolumn or miniature anion exchange centrifugation technique (mAECT) [13] . Even with these concentration methods, up to 30% of cases are still missed, remaining an undetected reservoir for transmission [14] . Confirmatory diagnostic tests that are more sensitive, reliable, affordable and easy to perform in basic health care facilities are therefore needed [15] . Light-emitting diode (LED) fluorescence microscopes, such as the Primo Star iLED that was jointly developed by Carl Zeiss and FIND, are among the few new diagnostic tools that can be considered for use in peripheral healthcare facilities. Recent laboratory studies have shown that combination of LED fluorescence microscopy (LED FM) with concentration of parasites by centrifugation after selective lysis of red blood cells (RBC) followed by staining with acridine orange (AO), improves the detection of T.b. brucei [16] . LED FM could thus be a good candidate to enhance diagnosis of HAT.
The objective of this study was to evaluate the performance of LED FM and AO staining, with or without RBC lysis, to diagnose HAT in health centres in comparison with methods that are in current use.
Materials and Methods

Study Area and Enrolment of Participants
The study was conducted in the East Kasai province of the Democratic Republic of the Congo (DRC). Participants were enrolled at three health centres (Katanda, Tshibila and Ngandajika) and by two mobile teams (Tshilenge and Ngandajika) using routine diagnostic protocols as prescribed by the national HAT control programme (PNLTHA) of DRC. Enrolment was from 28th December 2010 to 9th January 2012. Technicians performing the reference standard and index diagnostic tests were personnel of the PNLTHA who had all been extensively trained on relevant methods. Mobile teams and health centres included two technicians who were dedicated to performing diagnostic tests. The card agglutination test for trypanosomiasis (CATT) was performed on whole blood to screen participants; those testing positive with CATT were subjected to a series of confirmatory tests, including lymph node puncture (in case of swollen cervical nodes), examination of a thick blood smear by microscopy, CTC and mAECT [17] [18] . Tests were performed in sequence and once parasitological confirmation was obtained no further confirmatory tests were carried out. A composite reference standard was used to assess sensitivity and specificity of diagnostic methods. This composite reference standard was negative for a subject if no trypanosomes were found either in lymph node aspirate or in blood by routine parasitology methods and positive if trypanosomes were observed in lymph node aspirate or in blood by any of these routine diagnostic tests. A patient was classified as a HAT case if the composite reference standard was positive. Patients in both early (haemolymphatic) and late (neurological) stages were enrolled. Participants were classified as endemic controls if they had no history of HAT and were negative by CATT on whole blood. HAT suspects were defined as those negative for trypanosomes in lymph node aspirate (if available) and in blood using conventional bright field microscopy methods, including CTC and mAECT, but positive with the CATT test at a dilution of 1:8 or more.
Laboratory Tests
Twelve ml of venous blood was collected from all participants and used to prepare the following four types of microscopy slides: 1) Thick blood smear (5 µl) stained with Giemsa for examination by bright field microscopy (TBS-Giemsa); 2) Thick blood smear (5 µl) stained with acridine orange for examination by fluorescence microscopy (TBS-AO);
3) Thick blood smear (20 µl) prepared after red blood cell lysis and concentration, stained with acridine orange for examination by fluorescence microscopy (Lysis-TBS-AO); 4) Thin blood smear (20 µl) prepared after red blood cell lysis and concentration, stained with acridine orange for examination by fluorescence microscopy (Lysis-tBS-AO).
Red blood cell lysis and concentration was performed as described previously [16] , except that 3 tubes containing 3 ml of venous blood each were used for lysis, and that each pellet was resuspended in 50 µl, and pooled to obtain a total volume of 150 µl of suspension. Staining of slides with Giemsa and with acridine orange, as well as examination of slides using the Primo Star iLED microscope (Carl Zeiss, GmbH) were also performed as described previously [16] .
Using this same sample of venous blood, CTC and mAECT were performed at this stage, as per the routine procedures of the PNLTHA, using 4 capillary tubes of 50 µl and 350 µl of blood, respectively. All samples were blinded using identification codes and the laboratory personnel had no access to clinical information about study participants or results of previous tests. The number of participants at each site was usually very low. Microscopy slides were therefore stored and read once a week in order to prevent a potential bias that could have been introduced if laboratory technicians knew parasitology results when reading slides on the same day, in spite of blinding.
Statistical Methods
Sensitivity and specificity values and their 95% confidence intervals were calculated for the tests under investigation in the confirmed HAT patients and in endemic controls, respectively. Sensitivity was defined as the pro-portion of positives among confirmed HAT patients diagnosed through routine procedures and specificity as the proportion of controls that tested negative. The sensitivity of various diagnostic algorithms comprising several methods was also analyzed. The result of an algorithm was positive if any or several methods gave a positive result, and it was negative if all methods were negative. Sensitivity and specificity values were calculated with 95% confidence intervals using binomial Wilson methods [19] . The significance of differences in sensitivity and specificity between two methods or algorithms was evaluated with Pearson's Chi-squared test [20] . Statistical analysis was performed using Stata 11 (Stata Corp., College Station TX, USA) and in the R statistical environment [21] .
Ethical Considerations
The protocol for this study was approved by the Ethics Committee of the Public Health School of the University of Kinshasa, DRC. Written informed consent was obtained from each participant before enrolment in the study. HAT patients who were identified during the study were treated in accordance with the standard protocols of the PNLTHA.
Results
The participants enrolled in the study included 213 HAT cases, 101 suspects and 95 controls ( Table 1) . Results of the composite reference standard and index test were obtained for all participants. HAT cases included 83 stage 1 patients, 128 stage 2 patients and 2 patients without any information on disease stage. The mean age of participants was 29.8, 31.1 and 33.9 years for cases, suspects and controls, respectively. The male-female gender ratio was 1.32, 0.91 and 0.42 for cases, suspects and controls, respectively. Most frequent symptoms were malaise (29.1%), fever (24.4%), headache (16.0%) and weight loss (6.1%) among cases, malaise (14.9%), headache (13.9%), fever (10.9%) and weight loss (5.9%) among suspects, and fever (13.7%), malaise (3.2%), headache (2.1%) and weight loss (2.1%) among controls. No adverse events from performing the reference or index tests were reported during this study. Figure 1 shows that staining a thick blood smear with acridine orange and examining it under fluorescent light was more sensitive (19.7%; 95% CI: 14.9% -25.6%) than classical Giemsa-stained thick smear examined by bright field microscopy (6.1%; 95% CI: 3.6% -10.2%). Sensitivity was further enhanced when a red blood cell lysis and concentration step was included prior to preparing the blood smear and staining it with acridine orange, to 23.0% (95% CI: 17.9% -29.1%) with thick blood smears and to 34.3% (95% CI: 28.2% -40.9%) with thin blood smears. However, mAECT and CTC remained the most sensitive techniques at 68.1% (95% CI: 61.5% -74.0%) and 52.1% (45.4% -58.7%), respectively.
All smear microscopy methods (TBS-Giemsa, TBS-AO, Lysis-TBS-AO and Lysis-tBS-AO) had an excellent specificity (100%; 95% CI: 96.1% -100.0%), as no false positive result was reported with any of them ( Figure  1(b) ).
None of the 101 HAT suspects enrolled gave a positive result using any of the four smear microscopy methods under investigation, and they were all found to be consistently negative by CTC and by mAECT. Since smear microscopy is often used in combination with other tests in order to enhance case detection, the sensitivity of various diagnostic algorithms was also calculated. Figure 2 shows that examination of thick smears stained with acridine orange in combination with CTC (CTC, TBS-AO) resulted in 117 HAT cases being detected, while CTC combined with thick smears stained with Giemsa (CTC, TBS-Giemsa) detected 112 cases. However, the difference in sensitivity between these two algorithms was not significant (P = 0.698). Similarly, when an algorithm of thin smears prepared using the RBC lysis and concentration procedure and stained with acridine orange combined with CTC (CTC, Lysis-tBS-AO) was used, the number of HAT cases detected increased to 119, but the corresponding sensitivity was not significantly higher than when using an algorithm combining CTC and TBS-Giemsa (P = 0.560).
The sensitivity values of diagnostic algorithms that include both CTC and mAECT in addition to each of the four smear microscopy methods under investigation are shown in Figure 3 . Again, there was no significant difference in sensitivity between any of these algorithms (P > 0.9).
Finally, an analysis of algorithms that include examination of lymph node aspirate (LN) in addition to other tests was performed. Figure 4(a) shows that combining LN with acridine orange thick smear fluorescence microscopy gave a sensitivity of 47.9% (95% CI: 41.3% -54.6%), while the sensitivity of LN combined with Giemsa thick smear bright field microscopy was only 36.6% (95% CI: 30.4% -43.3%). When CTC was added to these algorithms (Figure 4(b) ), sensitivity values were improved further. For example, when acridine orange thick smear fluorescence microscopy was combined with LN and CTC, a sensitivity of 67.1% (95% CI: 60.6% -73.1%) was achieved.
Discussion
This study has shown that fluorescence microscopy of thick blood smears stained with acridine orange is at least 3 times more sensitive than routine bright field microscopy of slides stained with Giemsa, while specificity remains unaltered at 100%. The number of HAT cases detected when this new method is combined with other diagnostic tests such as LN or CTC is higher, when compared with Giemsa, although this effect becomes less marked. The number of HAT cases correctly identified with each algorithm (TP: true positives) is shown above the graph. Lysis-tBS-AO: thin blood smear (20 µl) prepared after red blood cell lysis and concentration, stained with acridine orange and examined by fluorescence microscopy; Lysis-TBS-AO: thick blood smear (20 µl) prepared after red blood cell lysis and concentration, stained with acridine orange and examined by fluorescence microscopy; TBS-AO: thick blood smear (5 µl) stained with acridine orange and examined by fluorescence microscopy; TBS-Giemsa: thick blood smear (5 µl) stained with Giemsa and examined by bright field microscopy. Error bars indicate 95% confidence intervals. Processing blood samples using the RBC lysis and concentration procedure prior to preparing thin smears and staining them with acridine orange results in a further increase in sensitivity, which then becomes more than 5 times higher than thick smears stained with Giemsa. Although the lysis and concentration procedure requires a centrifugation step and is therefore more difficult to deploy than microscopy of whole blood, it can be an alternative to CTC or even mAECT, with the added value of long-term storage of the blood smears stained with acridine orange. In addition, the new methods described here do not require a cold chain, unlike other tests such as mAECT.
A slightly lower specificity was observed with CTC and mAECT when compared with the other methods. This could have been due to cases of HAT with low parasitaemia being missed during enrolment with routine diagnostic procedures, which were later found to be positive when re-tested with CTC and mAECT. The seemingly lower specificity of CTC and mAECT is therefore most likely associated to the design of this study, which involves two independent testing of samples, rather than to actual false positive results.
Fluorescence microscopy has previously been reported to improve detection of trypanosomes [22] [23]. However, the sophisticated and costly infrastructure required has until now been a hindrance to its application in clinical settings where HAT is endemic. New-generation LED fluorescence microscopes, such as the Primo Star iLED used in the present study, are much more affordable and simpler to use than conventional fluorescence microscopes, do not need a dark room, and consume very little energy, which enables them to be powered using a battery or a small solar panel.
We have recently shown that the time needed to find trypanosomes by fluorescence microscopic examination of acridine orange stained smears is significantly shorter than with bright field microscopy of Giemsa stained slides [16] . We also observe that in contrast to the white background that is typical in bright field microscopy, the dark background observed with fluorescence examination is less tiring for the reader, who can therefore comfortably scan a larger number of slides.
Acridine orange also has a practical, time-saving advantage over Giemsa. While most protocols for Giemsa staining require incubation for 20 to 50 minutes, acridine orange staining takes 3 minutes only, which allows for a larger number of microscopy slides to be processed in the same period of time. Similar observations have been made in studies on malaria diagnosis, in which LED FM was found to be four times faster than conventional light microscopy [24] . The cost of the reagents used to stain with acridine orange is equivalent to that of the ones routinely used for Giemsa staining, which makes the overall running cost per test lower when acridine orange is used, since less staff time is required. A cost-effectiveness study should, however, be conducted to formally compare various diagnostic algorithms.
With a steady decrease in the prevalence of HAT in most endemic countries, national control programmes are increasingly integrating control activities in the general health system, rather than relying on specialized health facilities and mobile teams that are dedicated to HAT. In this context, fluorescence microscopy can play a significant role in improving diagnosis at the primary healthcare level where, quite often, the only parasitological method available for case detection from blood samples is examination of Giemsa stained thick smears. Similarly, these methods will be very useful in settings where a high prevalence of microfilaria hinders the use of the CTC technique. In such settings, replacing the current method with fluorescence microscopy of thick smears stained with acridine orange could easily be achieved with minimal equipment and training investment, and would be expected to result in a 3-fold higher case detection rate.
The procedures described here can have wider applications in diagnosis of other human and livestock diseases that rely on microscopic demonstration of parasites in blood, including malaria, leishmaniasis, Chagas disease, anaplasmosis, babesiosis and theileriosis among others. Indeed, recent studies in Gabon have demonstrated that LED FM can have a sensitivity of up to 99.1% in the detection of malaria parasites in blood [24] .
